Abstract
INTRODUCTION

E t i o l o g i c a l s t u d i e s s h owe d t h a t m o r
e t h a n 8 5 % colorectal cancer cases are associated with environmental factors [1, 2] , particularly the dietary factor [3] . Among dietary constituents implicating in colorectal carcinogenesis, consumption of vegetables and fruits has a beneficial effect [4] . But the effect of pulse (legume) consumption is conflicting [5] . An ecological study reported consumption of pulses is inversely related with colon cancer mortality of males in 38 countries (correlation coefficient = -0.7) [6] . Previous studies showed that components, such as folic acid, protease inhibitors, phytosterols (PS), saponins, inositol hexaphosphate (phytic acid, PA), isoflavones and resveratrol in grains, nuts and seeds may have anti-carcinogenic effects [7, 8] . Several studies reported consumption of pulses is inversely related with colorectal cancer [9] [10] [11] [12] , but other studies have failed to show this but other studies have failed to show this protective effect [13] [14] [15] [16] . As a good source of PS, PA and resveratrol, peanut has been thought to have an effect against carcinogenesis [17] . The suppression effect of PS, PA and resveratrol on colon cancer has been supported in vitro and in vivo as well [18] [19] [20] . Whether the laboratory findings are relevant to the hypothetically protective effect of peanut on cancers remains unexplored.
Colorectal cancer has become the second most fatal malignancy in developed countries and the third most frequent cancer worldwide [21, 22] . While the incidence rate of colorectal cancer also increases in Taiwan, the mortality rate of the disease has a 74% rise from 1993 to 2002.
Peanut is a common food in the world and in Taiwan as well. The association between peanut consumption and colorectal cancer has not been well studied. The purpose of this study was to determine the association between peanut consumption and colorectal cancer risk in a community-based cancer-screening cohort with a 10-year follow-up.
MATERIALS AND METHODS
Cohort recruitment and inclusion criteria
The details of this prospective cohort study conducted in 7 townships (Sanchi, Chutung, Potzu, Kaoshu, Makung, Huhsi and Paihsa) and their precincts, Taiwan, have been described elsewhere [23] . A total of 23 943 persons (12 026 men and 11 917 women) who were at least 30 years old and gave their consent to a baseline interview in person, physical examinations and annual follow-up activities, were recruited between July 1990 and June 1992 in this cohort study. At the same time, we conducted the laboratory tests of serum cholesterol and triglyceride for all participants.
Questionnaire interviews
Well-trained public health nurses employed at local health stations in the study townships assisted to conduct home visits to all participants. With consent, structured questionnaire interviews were conducted for information regarding socio-demographic characteristics (age, gender, education level, ethnicity group, residential area, and marital status), anthropometric measures (height and weight), cigarette and alcohol use, dietary consumption, personal and family history of cancers. Dietary intake was assessed by means of weekly food frequency measures (0-1, 2-3, and >3 meals/week), including frequently consumed food groups and folk dishes including sweet potato, bean products, peanut products, pickled foodstuffs, nitrated or smoked foodstuffs.
Cigarette smoking and alcohol drinking were evaluated by their amount and duration. Total cigarette smoking was estimated in terms of packs/year (packs per day multiplying the years of cigarette smoking in the followup). Alcohol drinking in data analyses used a dichotomous classification: yes versus no. Height and weight were measured once at the baseline. This study also collected information on reproductive health, including the use of oral contraceptives or intrauterine devices (never or ever use) and menopausal status (yes or no) for females.
Follow-up and data linkage All participants were annually followed up for their health status. In addition to the active follow-up by home visit or visit or visit or telephone interviews, data from the National Cancer Registry and death certificates were also used to identify and verify newly developed colorectal cancer and other types of cancer. �iagnoses of colorectal cancer were confir�ed �iagnoses of colorectal cancer were confir�ed iagnoses of colorectal cancer were confir�ed es of colorectal cancer were confir�ed s of colorectal cancer were confir�ed ere confir�ed confir�ed confir�ed by reviewing the medical records and death certificates.
reviewing the medical records and death certificates. medical records and death certificates. s and death certificates. and death certificates. Colon and rectal cancer cases were combined in this study because of the small sample size and potential for their �utual �isclassification in so�e death certificates [24] .
Statistical analysis
After exclusion of the participants with cancer occurred prior to the recruitment (n =1336) or cancer cases (n = 492) other than colorectal cancer, a cohort of 22 115 (92%) persons remained for the present study analysis. In addition to calculation of the incidence of the disease, the Cox's proportional hazard model was used to estimate the relative risk (RR) and 95% confidence interval (CI) associated with socio-demographic factors, cigarette and alcohol use, body mass index (BMI), cholesterol, triglyceride and diet. The association with menopause was also considered for women. None of the female cases was a smoker or a alcohol user, the RR due to these two factors was calculated only for men. Because of the limited sample size, diet consumptions and other covariates were mostly categorized into two or three strata in the data analysis. BMI was categorized into four strata (<24. 
RESULTS
A total of 107 new cases of colorectal cancer (56 in the colon, 51 in the rectum) were found during the 10-year follow-up period until December 31, 2001. Table 1 shows the incidence rate of 34.8 per 10 5 persons/year for women and 62.5 per 10 5 persons/year for men. Most participants who received only elementary education or no school eduschool edueducation had a greater incidence than persons who received 6� or �ore years of education. �here were no significant or �ore years of education. �here were no significant relationships between colorectal cancer and ethnicity and marital status. Residents living in Potzu had a higher risk for the disease than those living in other areas but not significant (P = 0.08).
The incidence of the disease was positively associated with BMI, serum cholesterol and cigarette smoking in men in men men (P < 0.01, Table 2 ). The incidence increased from 54. In women, the incidence rate of rate of of colorectal cancer was related with their BMI, cholesterol and triglyceride level (P < 0.05, Table 3 ). The highest incidence rate in women was 70.2 per 10 5 persons/year for those with their BMI being 26.4-28.6 kg/m 2 . The results also showed that menopausal women had an increased risk for the disease with an incidence rate of 67.6 per 10 5 persons/year.
The analysis of food intake showed that the incidence rate of colorectal cancer was significantly increased in �en who had more sweet potatoes and in women who had �ore pickled foodstuffs (�able 4). Beneficial effects were of the consumption of peanut products observed in both sexes but not significant. �here were no significant associations between the colorectal cancer risk and the consumption of bean products, nitrate and smoked foodstuffs in both sexes.
The score selection in the final multivariate Cox's proportional hazard analysis was completed with 5 final covariates including age, resident area, cigarette smoking, consumption of peanut products and BMI, which were potentially associated with the risk of the disease in men. For women, three potential covariates including age, consumption of peanut products and pickled foodstuffs were selected. Among these covariates, age was a significant factor for colorectal cancer in both sexes. Obese men living in Potzu had an increased risk for colorectal cancer. The RR was 1.98 (95% CI = 0.91-4.30) for the highest level of BMI (>28.6 kg/m 2 vs <24.2 kg/m 2 ). Men who smoked cigarettes had an excess risk of 77% over nonsmokers (RR = 1.77, 95% CI = 0.97-3.26). Women who had peanut products de�onstrated a significant beneficial effect. The RR was 0.42 (95% CI = 0.21-0.84) for consuming 2 + meals/week compared with 0-1 meals/week. On the other hand, consumption of pickled foodstuffs also had a harmful effect on female colorectal cancer patients with a boarder line significance level (RR for +2 meals/week 
DISCUSSION
The present study had several weaknesses due the relatively short follow-up time (10 years), the lack of detailed information on meat, vegetables and fruits consumption, physical activity, family history of colorectal neoplasm, aspirin and other non-steroidal anti-inflammatory drug use, colon-cancer screening practices and the relatively small number of cases for a cohort study. However, this well-defined population-based prospective approach reduced the selection bias and strengthened the complete ascertainment of cancer cases in the study. It was reported that colorectal cancer is related with the consumption of vegetables and fruits and that the intake of vegetables and fruits can moderately lower the risk for colorectal cancer [5, 25, 26] . This 10-year follow-up study was not able to examine the effect of the consumption of vegetables and fruits. However, our results support the hypothesis that the consumption of peanut protects those who consume peanut products against colorectal cancer. This finding indicates that some specific components in peanut inhibit the carcinogenic mechanisms of colorectal cancer. Peanut is a good source of phytosterols (PS) [17] , phytic acid (PA) [17, 19, 27] and resveratrol [28] , which is consumed more in Asians (particularly in vegetarians) than in Westerns [7] . PS consists of approxi�ately 80% β-sitosterol and 20% campesterol and stigmasterol [17] . β-sitosterol is the main component offering the protective effect against colon cancer by inhibiting HT-29 colon cancer cells [29] . The consumption of PS inhibits the development of chemically-induced colon tumors in rats [18] . In addition, PS consumption normalizes the hyper-proliferating state in rat and mouse colon cells [30] . PA consisting of a myo-inositol ring and six symmetrically distributed phosphate moieties [19] , is a natural antioxidant in the form of metal chelate that decreases the catalytic reactivity of polyvalent transition metals [27] and has the anti-carcinogenic effect on colon cancer risk -carcinogenic effect on colon cancer risk carcinogenic effect on colon cancer risk [19, 31] . In addition, resveratrol is a natural phytoalexin in grapes, red wines and other grape products [32] , peanut and its products [28] . With a resorcin-type structure, resveratrol can inhibit cyclooxygease-2 (COX-2) activities in colon cancer cells [33, 34] and depress the growth of colorectal aberrant crypt foci [20] , suggesting a protective role in the carcinogenthe carcinogen-carcinogenesis of colon cancer.
The association between peanut consumption and human colorectal cancer risk has not been well established. The present study provided cohort data suggesting a significant beneficial effect of peanuts in women. Though legume consumption offers protection against colon cancer [12] , PA and resveratrol are also candidate components resveratrol are also candidate components are also candidate components in legumes offering this protection. This does not rule out This does not rule out the role of other components such as folic acid, calcium, dietary fiber, protease inhibitors, oligosaccharides, saponins and isoflavones in peanuts and legu�es in protecting against colorectal cancer [35] . Studies on cigarette smoking and colon adenoma rather than colorectal cancer have consistently reported an ele- vated risk in the earlier twentieth century. However, recent prospective studies showed that smoking is positively related with colorectal cancer, especially in long-term heavy smokers [36, 37] . Giovannuci et al [36] proposed that carcinogens in cigarette smoke might initiate colorectal tumors with an induction period of three to four decades. In our follow-up study, a moderately elevated risk was observed in male smokers with colorectal cancer cases. There is no authentic evidence that can explain why moderate smokers are at the highest risk for colorectal cancer.
We also found that the harmful effect of pickled foodstuff consumption was significantly associated with colorectal cancer in women. Pickled food intake has been considered as a probable risk factor for gastric cancer [38] . Our finding is in agreement with the result of a casecontrol study in Japan [39] . Pickled foodstuff rich in sodium is the main dish for folk vegetarians in Taiwan. However, its association with colorectal cancer has not been found in men, indicating a gender discrepancy.
Increased body mass has been associated with excess colorectal cancer mortality, especially in men [40] . A previous cases-control study conducted in Taiwan, has also reported a significant gender discrepancy in the risk associated with colorectal cancer [41] . �hese findings suggest that the �ech-anism underlying colorectal carcinogenesis is different between men and women. Gender difference should be considered in studies on the etiology of colorectal cancer.
In conclusion, high bean intake has a number of beneficial effects and high pickled foodstuff consu�ption �ay have a number of potentially adverse effects, but the evidence is yet insufficient. Frequent peanut intake can lower the risk for colorectal cancer in women. Intake of peanuts �ay have beneficial effect on other types of cancer and deserves further study.
